This study aimed to determine whether fertilization and implantation rates after intracytoplasmic sperm injection (ICSI) with fresh or frozen-thawed testicular spermatozoa were comparable. Between 1 January 1996 and 31 December 1996, 65 ICSI cycles with testicular spermatozoa and 35 cycles with frozen-thawed testicular spermatozoa were carried out. In 50 out of 65 ICSI cycles, testicular spermatozoa could be retrieved and in 34 out of 35 cycles carried out with frozen-thawed testicular spermatozoa, motile spermatozoa could be recovered. The fertilization rate after ICSI with frozen-thawed testicular spermatozoa was significantly lower (71.1%; P ഛ 0.008) than with fresh testicular spermatozoa (79.3%). The pregnancy rate was similar for both groups (38.2 and 26.5%). The implantation rate per transferred embryo, however, was significantly lower in the frozen-thawed rather than in the fresh testicular sperm group (9.1 versus 24.6%; P ⍧ 0.001). The live birth rate per transferred embryo was also higher in the group in which fresh testicular spermatozoa were used (18.8 versus 7.9% P ⍧ 0.043). This retrospective study shows that is possible to achieve a high fertilization rate after ICSI with both fresh and frozen-thawed testicular spermatozoa but implantation and live birth rates per transferred embryo, however, are significantly lower after ICSI with frozen-thawed than with fresh testicular spermatozoa.
Introduction
The treatment of male factor infertility has been revolutionized by intracytoplasmic sperm injection (ICSI) (Palermo et al., 1992) . Before the introduction of ICSI, patients with azoospermia were considered untreatable. In cases of obstructive azoospermia due to congenital absence of the vas deferens (CAVD), microsurgical epididymal sperm aspiration (MESA) combined with ICSI has yielded fertilization and pregnancies resulting in live births (Tournaye et al., 1994) . A remaining group of patients were those with absence of the epididymis or where the only source of spermatozoa was in the testis. Schoysman et al. (1993a,b) were the first to report fertilization and pregnancy after ICSI with spermatozoa obtained after testicular sperm extraction (TESE). Even in cases of testicular failure, TESE can be used successfully (Devroey et al., 1996) .
It is clear that for both MESA and TESE in combination with ICSI, the freezing of epididymal or testicular spermatozoa that remain after the injection with fresh collected spermatozoa is of benefit to the patient. Epididymal spermatozoa can be frozen more easily because of their higher concentration and motility compared with testicular spermatozoa. Some case reports on successful ICSI with frozen-thawed testicular spermatozoa have recently been published (Fisher et al., 1996; Hovatta et al., 1996; Podsiadly et al., 1996; Khalifeh et al., 1997) . Gil-Salom et al. (1996) reported that the fertilization rate, embryo cleavage rate, and embryo quality after ICSI with fresh or frozen-thawed testicular spermatozoa were comparable in a group of 12 patients.
This retrospective study aimed to evaluate fertilization, pregnancy, and embryo implantation rates after ICSI with fresh or frozen-thawed testicular spermatozoa in 100 cycles in which azoospermia was the main infertility factor.
Materials and methods

Patients
Between January 1, 1996 and December 31, 1996, 100 TESE-ICSI cycles were carried out, 65 with fresh (group 1) and 35 with frozenthawed testicular spermatozoa (group 2).
In group 1, 63 cycles were first cycles and only one couple had a second attempt with fresh testicular spermatozoa. In group 2, 20 patients had only one cycle, four patients had two cycles and two patients had three cycles.
All female patients had been treated with either a long or short gonadotrophin-releasing hormone analogue (GnRHa, Decapeptyl ® ; Ipsen, Destelbergen, Belgium) protocol, followed by ovarian stimulation with human menopausal gonadotrophin (HMG, Humegon ® ; Organon, Oss, The Netherlands). Oocytes were retrieved by transvaginal ultrasound-guided puncture of the ovarian follicles 36 h after human chorionic gonadotrophin (HCG, Pregnyl ® ; Organon) administration. Oocyte retrieval was carried out either in our centre or in a transport setting as described previously (Coetsier et al., 1997) .
Retrieval and cryopreservation of testicular spermatozoa Testicular spermatozoa were obtained by an open testicular biopsy under local anaesthesia. A small incision was made in the scrotal skin and carried through the peritoneal tunica vaginalis. One or more incisions were made in the tunica albuginea and a piece of the extruding testicular tissue was excised and placed in HEPES-buffered Earle's medium supplemented with 0.1% heparin (w/v).
Testicular biopsies were cut into small pieces using microscissors in Earle's medium supplemented with 0.4% (w/v) human serum albumin [HSA, 20% (w/v) Albumin; Red Cross, Belgium] . A small aliquot of the suspension was put under mineral oil to check for testicular spermatozoa under the inverted microscope (Zeiss Axiovert 135) at ϫ320 magnification. Motile spermatozoa were picked up individually and brought to the micromanipulation dish.
Testicular spermatozoa in excess after injecting all oocytes were frozen. The sperm freezing medium containing 15% glycerol (Spermfreeze; Fertipro, Aalter, Belgium) was added dropwise in a 1:1 dilution to the testicular tissue suspension. After 10 min of equilibration at 37°C, straws (Fertipro, Aalter, Belgium) were put horizontally 10 cm above the liquid nitrogen surface for 15 min and then plunged into liquid nitrogen. Thawing of the straws was done at 37°C. To remove the cryoprotectant, the suspensions were washed twice by centrifugation at 600 r.p.m. with 3 ml of Earle's medium supplemented with 0.4% (w/v) HSA.
ICSI procedure and assessment of fertilization and embryonic development ICSI was carried out on the stage of an inverted microscope (Zeiss Axiovert 135) at ϫ320 magnification using the Hoffman Modulation Contrast System, as described previously by Dozortsev et al. (1996) .
Sixteen to 18 h after ICSI, oocytes were checked under the inverted microscope at a magnification of ϫ200 or ϫ320 for the presence of two pronuclei. Forty-eight hours after ICSI embryos were scored for quality according to a system that takes into account the percentage of anucleate fragments and the size of blastomeres (Laverge et al., 1997) . In brief, embryos without anucleated fragments and with equally-sized blastomeres were classified as score 5. Embryos with either some anucleated fragments (Ͻ10%) and/or with unequallysized blastomeres were classified as score 4. Embryos with unequallysized blastomeres with either Ͻ20%, 20-50% or Ͼ50% fragmentation were respectively classified as score 3, 2 and 1. Embryo transfer was done at either day 2 or 3.
Pregnancy
Pregnancy was detected by measuring serum HCG at least 15 days after embryo replacement. Clinical pregnancy was determined by observation of a gestational sac with fetal heart beat by transvaginal ultrasound at 6 weeks of pregnancy. The clinical embryo implantation rate was defined as the number of gestational sacs observed at echographic screening at 6 weeks of pregnancy divided by the number of embryos transferred. The live birth rate was defined as the number of live offspring delivered divided by the number of embryos transferred.
Statistical analysis
All statistical tests were carried out two-tailed at the 5% level of significance. The χ 2 -test was used to compare fertilization rates and embryo quality distribution as well as pregnancy, delivery, implantation and childbirth rates. Mean patient age, mean numbers of oocytes and embryos and mean quality score were compared using Student's t-test. Table I describes the profile of azoospermic patients. The mean age of patients who underwent a fresh TESE (group 1) was 40.6 years (range 28-62). The mean age of the patients in the group where frozen testicular spermatozoa (group 2) were used was 39.6 years (range 24-52).
Results
Profile of azoospermic patients
Aetiology of obstructive azoospermia in group 1 was failed vasovasostomy in 24 patients, CAVD in 10 patients, postsurgical scarring in four patients and post-infectious scarring in two patients. Histological diagnosis of non-obstructive azoospermia in group 1 was partial or complete Sertoli cellonly syndrome in four patients, hypospermatogenesis in six patients, partial or complete maturation arrest in three patients, atrophy in one patient. In one patient there was immotile cilia syndrome. In group 2 there were 15 patients with a history of vasectomy, four patients with CAVD and nine patients with post-surgical scarring. The histological diagnosis in group 2 was partial or complete Sertoli cell-only syndrome in one patient, hypospermatogenesis in one patient and partial or complete maturation arrest in four patients.
Fertilization rate and embryo quality after ICSI with fresh or frozen-thawed testicular spermatozoa Fertilization rate and embryo quality after ICSI with fresh or frozen-thawed testicular spermatozoa are described in Table II . There were 65 cycles where ICSI was done with fresh testicular spermatozoa (group 1) and 35 cycles with frozen-thawed testicular spermatozoa (group 2). In 10 out of the 65 cycles where ICSI was planned with fresh testicular spermatozoa, we were not able to retrieve testicular spermatozoa. In one case out of 35 cycles intended to be carried out with frozen-thawed testicular spermatozoa, no spermatozoa could be recovered. The mean number of oocytes retrieved per patient was 11.1 Ϯ 6.6 in group 1 and 13.7 Ϯ 6.6 in group 2. The fertilization rate in group 1 was 79.3% which was significantly higher than in group 2 (71.1%) (P ϭ 0.008). The embryo cleavage rate as well as embryo quality at day 2 were similar for both groups. Table III shows pregnancy and embryo implantation rates after ICSI with fresh or frozen-thawed testicular spermatozoa. In group 1, 122 embryos were transferred in 55 transfers, giving an average of 2.2 Ϯ 0.6 embryos per transfer. In group 2, 88 embryos were transferred in 34 transfers, giving an average of 2.6 Ϯ 0.6 embryos per transfer. This difference was statistically significant (P ϭ 0.014). The mean embryo quality score per transfer was 6.8 Ϯ 1.8 for group 1 and 7.5 Ϯ 1.9 for group 2. In group 1, a positive serum HCG was recorded in 21 cases representing a pregnancy rate of 38.2% per transfer. In group 2 the pregnancy rate per transfer was 26.5%, which was not significantly different from group 1. Thirteen clinical pregnancies (five singletons, six twins and two triplets) were achieved in group 1, bringing the clinical pregnancy rate to 23.6% per transfer. Five clinical pregnancies (three singletons and two twins) were achieved in group 2, bringing the clinical pregnancy rate to 14.7%. In the first group 30 clinical embryo implantations were recorded which resulted in a clinical embryo implantation rate of 24.6% per transferred embryo. The clinical embryo implantation rate per transferred embryo was significantly lower in group 2 (9.1%; P ϭ 0.001). In both groups all clinical pregnancies resulted in deliveries of healthy babies. The percentage of children born per embryo transferred was also significantly higher in group 1 (18.8%) than in group 2 (7.9%) (P ϭ 0.043).
Pregnancy and embryo implantation rates after ICSI with fresh or frozen-thawed testicular spermatozoa
Fertilization rate and embryo quality after ICSI with fresh or frozen-thawed testicular spermatozoa for patients with only one treatment cycle in 1996
In Table IV we report data on fertilization and embryo quality for patients that had only one treatment cycle in 1996 using ICSI with fresh or frozen-thawed testicular spermatozoa. There were no differences in fertilization rate between group 1 and group 2. The percentage of embryos with 20-50% fragmentation was significantly higher in group 2 (29.5%) than in group 1 (20.5%) (P ϭ 0.037).
Pregnancy and embryo implantation rate after ICSI with fresh or frozen-thawed testicular spermatozoa for patients with only one treatment cycle in 1996 Table V shows pregnancy and embryo implantation rates for patients that had only one treatment cycle in 1996 using ICSI with fresh or frozen-thawed testicular spermatozoa. In group 1, 118 embryos were transferred in 53 transfers, with an average of 2.2 Ϯ 0.6 embryos per transfer. In group 2, 50 embryos were transferred in 20 transfers, with an average of 2.5 Ϯ 0.7 embryos per transfer. In group 1, 21 positive HCG results were achieved. This represents a pregnancy rate of 39.6% per transfer. In group 2, a positive HCG test was recorded in five cases, resulting in a pregnancy rate per transfer of 25.0%. Thirteen clinical pregnancies (five singletons, six twins and two triplets) were achieved in group 1 bringing the clinical pregnancy rate to 24.5% per transfer. Three clinical pregnancies (three singletons and two twins) were achieved in group 2 bringing the clinical pregnancy rate to 15.0%. In group 1, 30 clinical embryo implantations were recorded, which resulted in a clinical embryo implantation rate of 25.4% per transferred embryo. The clinical embryo implantation rate per transferred embryo was significantly lower in group 2 (8.0%; P ϭ 0.018). In both groups all of the clinical pregnancies resulted in deliveries of healthy babies. The percentage of children born per transferred embryo was significantly higher in group 1 (19.5%) than in group 2 (6.0%) (P ϭ 0.048).
Discussion
This retrospective study shows that the clinical embryo implantation rate is significantly lower (P Ͻ 0.01) for embryos resulting from ICSI with frozen-thawed testicular spermatozoa than with fresh testicular spermatozoa. Cryopreservation and storage of testicular spermatozoa is very important, because it may avoid a subsequent testicular biopsy if no pregnancy is achieved after a first ICSI cycle with fresh testicular spermatozoa. Particularly, in patients with non-obstructive azoospermia and small testes, cryopreservation can be of major benefit. A reason why cryopreservation of testicular spermatozoa may not have been utilized more is that it involves difficulties because of low concentration and motility.
So far, few studies have been published on the comparison of fertilization, pregnancy and embryo implantation rate after ICSI with fresh or frozen-thawed testicular spermatozoa. Recently some case reports have been published of pregnancies following ICSI with frozen-thawed testicular spermatozoa (Fisher et al., 1996; Hovatta et al., 1996; Podsiadly et al., 1996; Khalifeh et al., 1997) . Previously, several pregnancies had been obtained after ICSI with fresh testicular spermatozoa from patients with obstructive and non-obstructive azoospermia (Devroey et al., 1995; Tournaye et al., 1995) .
The fertilization rates observed after ICSI with fresh (79.3%) or frozen (71.1%) testicular spermatozoa were high compared with published reports, although they were lower than after ICSI with ejaculated spermatozoa in our Centre (82.7%). Kahraman et al. (1996) reported a fertilization rate of 33.9% in cases of non-obstructive azoospermia and 65.3% in cases of obstructive azoospermia. In spite of the high values, the fertilization rate was significantly lower after ICSI with frozen-thawed testicular spermatozoa than with fresh testicular spermatozoa in our study. Gil-Salom et al. (1996) reported similar fertilization rates and embryo quality after ICSI with fresh or frozen-thawed testicular spermatozoa. However, these results were collected on the basis of only 12 cases in each group. Also Friedler et al. (1997) found similar fertilization rates after ICSI with fresh (47%) or frozen-thawed testicular spermatozoa (44%) in cases of non-obstructive azoospermia. Verheyen et al. (1997) reported in a preclinical study that ICSI of frozen-thawed testicular spermatozoa in in-vitro-matured germinal vesicle stage oocytes resulted in normal fertilization rates (56.1%) but severely impaired cleavage rates.
The most striking observation in our study was the significantly lower implantation rate per transferred embryo after ICSI with frozen-thawed testicular spermatozoa (9.1%) compared with fresh testicular spermatozoa (24.6%). This is in contrast with the findings of Friedler et al. (1997) who found no statistical difference in embryo implantation rates after ICSI with fresh (9%) or frozen-thawed testicular spermatozoa (11%) on a group of patients suffering from non-obstructive azoospermia.
To clarify the difference we observed in our retrospective study, we calculated the embryo implantation rate for patients who had only one cycle with fresh or frozen testicular spermatozoa in order to correct for a selection bias induced by subsequent fresh or frozen cycles. But even after leaving out all results for patients who had more than one fresh or frozen cycle, the implantation rate per transferred embryo remained significantly lower (8.0% in group 2 compared with 25.4% in group 1). Another reason for the poorer results after ICSI with frozen-thawed testicular spermatozoa might be a lower probability of selecting an 'appropriate' spermatozoon, due to low numbers and impaired motility after thawing. Finally, the process of cooling, freezing and thawing also can have destructive effects on the testicular spermatozoa. In our study, excess testicular spermatozoa were cryopreserved by the vapour freezing method, widely used for cryopreservation of ejaculated spermatozoa (Verheyen et al., 1993) . After thawing we were able to find motile testicular spermatozoa in all 34 frozen cycles, and only in one case out of 34 were a few oocytes injected with immotile spermatozoa. Although we were able to find motile spermatozoa in all cases, a detrimental effect of freezing on testicular spermatozoa may only be expressed at the embryo implantation stage. Verheyen et al. (1993) reported that in cases of extremely poor sperm parameters, computer-controlled freezing is better than vapour freezing. This could also be the case for cryopreservation of testicular spermatozoa.
This retrospective study shows on the one hand that it is possible to achieve high fertilization and embryo cleavage rates after ICSI with both fresh and frozen-thawed testicular spermatozoa. Implantation and child birth rates per transferred embryo, on the other hand, were significantly lower after ICSI with frozen-thawed testicular spermatozoa than with fresh testicular spermatozoa. This difference is difficult to interpret, so further research is needed to clarify the observed lower embryo implantation rates after ICSI with frozen-thawed testicular spermatozoa.
